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(54) Surface discharge AC plasma display apparatus and driving method therefor 



(57) A plasma display apparatus which improves 
the contrast of images displayed thereon. A plurality of 
paired row electrodes Xj. Yi are formed in parallel with 
each other in a surface discharge AC plasma display 
apparatus. A plurality of column electrodes are formed 
facing to the paired row electrodes through a discharge 
space, and extend perpendicularly to the paired row 
electrodes so as to define a unit light emitting region 
including an intersection formed every time the column 

FIG . 1 



electrode cross with the paired row electrodes. A gas 
mixture including Ne*Xe is sealed in the discharge 
space at a pressure ranging from 400 torr to 600 torr. 
The row electrodes in the unit light emitting region are 
formed to have a width w of 300 pm or more. The inten- 
sity of light emitted by discharge not related to display is 
suppressed. 
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Oescripti n 

FIELD OF THE INVENTION 

This invention relates to a surface discharge AC s 
pJasma display apparatus and a driving method there- 
for. 

DESCRIPTION OF THE RELATED ART 

10 

In recent years, a plasma display apparatus has 
been investigated for a vanety of applications as a two- 
dimensional thin display apparatus. As one type of 
plasma display apparatus, a surface discharge AC 
plasma display panel having a memory function is is 
known. 

Most of the surface discharge AC plasma display 
panels employ a three-electrode structure. In this type 
of plasma display panel, two substrate, i.e., a front glass 
substrate and a back glass substrate are positioned 20 
opposite to each other with a predetermined gap there- 
between. On an inner surface (a surface of^site to the 
back glass substrate) of the front glass sui>strate as a 
display plane, a plurality of paired row electrodes, 
ext nding in parallel, are formed as paired sustain elec- 2s 
trodes. On a back glass substrate, a plurality of column 
electrodes, extending across the paired row electrodes, 
are formed as address electrodes, arxl a fluorescent 
material is coated on the surface thereof. When viewed 
from the display plane, a pixel cell corresponding to a 30 
pixel Is formed indudtng an Intersection of paired row 
electrodes and a column electrode, wherein a gap 
between the row electrodes near the intersection func- 
tions as a discharge gap in the pixel cell. 

For driving the surface discharge AC plasma dis- 35 
play panel having each of the pixel cells farmed as 
described above, it is necessary to select whether or not 
each pixel cell is to emit light in each sub-frame. In this 
case, for providing a uniform difference in light emitting 
condition between pixel cells due to the difference in 40 
display data in each sub-frame, and also for stabilizing a 
discharge when writing data, a reset pulse is applied 
between the paired row electrodes of all pixel cells to ini- 
tialize them by the action of a reset discharge caused by 
tiie application of reset pulses. Next a data pulse is 4S 
applied to the column electrode selected in accordance 
witii data to cause selective discharges between the 
selected column electrodes and associated row elec- 
trodes to write data into corresponding pixel cells. 

In the initialization of arKf tine writing steps of data so 
into pixel cells, there are two possible processes. Rrst 
selective writing is performed for selecting pixel cells, 
from which light is to b emiffed, by previously generat- 
ing a constart anrraunt of wall charge in ail pixel cells by 
the reset discharge and increasing the wall charges in 55 
the pixel cells by a so-called selective discharg using a 
scan puis applied to selected column electrodes. Sec- 
ond, a selective erasure is performed for selecting pixel 
cells to be maintained unirt by extinguishing wall 



charges in the pixel ceils by a selective discharge. Sub- 
sequentiy. a sustain pulse is applied to create a sustain- 
ing discharge for maintaining emitted light in selected 
pixel cells during the selective write or to create a sus- 
taining discharge for maintaining emitted light in non- 
selected pixel cells during the selective erasure. Fur- 
ther, after a predetermined time has elapsed, data writ- 
ten in pixel cells is erased by applying erasure ptoses to 
tine pixel cells in any data write. 

It will be understood from ttie foregoing that the 
reset discharge always takes place in all pixel cells even 
in those pixel cells which are not selected to emit ligW, 
i.e.. pixel cells which display 'talack" (the state in whk:h 
black is c£splayed in a pixel cell is referred to as "black 
display"). Also, when a data writing method is selective 
erasure, a selective discharge for writing data in pxel 
cells, i.e.. a discharge for extinguishing wall charges, is 
also included in the "black display". Therefore, even if 
pixel cells are left unlit, tiiese pixel cells have a slight 
luminance due to the discharge in the "black display*. 

Generally, the voltage of the reset pulse has a rela- 
tively higher level than the voltage level of ttie data scan 
pulse because of its purpose of generating wail 
charges, so that the intensity of light emitted during the 
"black display" is mostiy attributable to the reset dis- 
charge. Also, the contrast of images displayed on a 
plasma display panel is determined by the ratio of the 
luminance of light emitted by a reset discharge to the 
luminance of light emitted by a sustaining discharge. 
From this fact the discharge during Isiack display" con- 
stitutes a cause of deteriorating the contrast on the 
plasma display panel because the discharge during the 
T^ack discharge" makes higher ttie luminance of light 
emitted by the reset discharge. 

To solve the problem mentioned above, attempts 
have been made to lower the reset discharge and the 
selective discharge for improving the contrast on the 
plasma display panel by reducing a pulse voltage, 
reducing the pulse width, and so on when these dis- 
charges take place. However, if ttie magnitude of the 
reset discharge is reduced when a selective erasure is 
performed, a smaller amount of wall charges is gener- 
ated to cause inconplete initialization, and a smalls 
potential difference between a column electi'ode and a 
row electrode when data is written. These inconven- 
iences further lead to an instable discharge between a 
column electrode and a row electrode, a failure in relia- 
bly carrying out a selective erasure for pixel cells, and so 
on. with the result that erroneous displays are mcM-e 
likely to occur. Also, since the selective write likewise 
suffers from instable initialization and selective dis- 
charge, erroneous displays are more likely to occur. 

Furthermore, since charged particles generated by 
the reset discharge in either of the selective erasure and 
the selective write is gradually extinguished over time, 
the scan pulse is applied after a long time interval since 
ttie reset discharge has occurred. For exam^e. tiie 
amount of charged particles existing in a discharge 
space of each pixel ceil in an n-th row is minute immecti- 
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ately before the application of the scan pulse. In this 
case, even if the scan pulse having a nanow pulse width 
is simultaneously applied to a pixel ceA\ with a small 
amount of charged particles existing therein, a dis- 
charge is not created immediately after the application 
of the scan pulse, so that wail charges corresponding to 
pixel data cannot be formed in some cases. 

When the magnitude of the reset discharge or the 
selective discharge is reduced by supplying a lower volt- 
age, a narrow pulse, or the like, the wall charges are 
maidistributed in the vicinity of a discharge gap so that 
the wall charge density gradually decreases toward a 
bus electrode due to an originally small amount of the 
generated wall charges. During a data write, while the 
selective discharge, for selecting pixel cells from which 
light is emitted in accordance with data, is relied on a 
potential difference between a column electrode and a 
row electrode, since the wall charge density is lower 
near the bus electrode of the row electrode farthest 
away from the discharge gap. wall charges near the bus 
electrode contribute less to producing the potential dif- 
ference between a column electrode and a row elec- 
trode. Thus, the wall charges existing near the 
discharge gap only serve as effective wail charges for 
providing the selective discharge. As appreciated from 
the foregoing, only a portion of wall charges generated 
by the reset discharge is utilized at the beginning of the 
selective discharge to cause useless light emission in 
the reset discharge, thus degrading the contrast of 
images displayed on the plasma display apparatus. 

OBJECTS OF THE INVENTION 

In view of the protslems mentioned above, it is a pri- 
mary object of the invention to provide a surface dis- 
charge AC plasma display apparatus which is capable 
of improving the contrast of images displayed thereon 
while permitting a stable initialization discharge as well 
as a statue selective discharge for a data write in each 
pixel ceil. 

It is another object of the invention to provide a 
method for driving a matrix type of plasma display panel 
which is capable of emitting light for correct display cor- 
resporKling to pixel data. 

SUMMARY OF THE INVENTION 

The present invention provides a surface discharge 
AC plasma display which comprises a plurality of paired 
row electrodes each extending in parallel with each 
other, a plurality of column electrodes facing the paired 
row electrodes through a discharge space, said column 
electrodes extending in a direction orthogonal to the 
plurality of paired row electrodes, tiie column electrodes 
defining unit light emitting regions including intersec- 
tions formed every time tfie column electrodes cross 
with the paired row electrodes, and a dielectric layer 
covering the paired row electrodes, wharein a gas mix- 
ture including Neon (Ne) and Xenon (Xe) is hermetically 



sealed in the discharge space at a pressure ranging 
from 400 ton- to 600 tonr. and the row electrodes In tiie 
each unit light emitting region are formed to have a 
width of 300 \im or more. 
5 The present Invention also provides another sur- 
face discharge AC plasma display apparatus which 
comprises a plurality of paired row electrodes arranged 
facing to each other and extending in parallel with each 
other, a plurality of column electrodes of^sosite to the 
10 paired row electrodes with a spacing therebetween, 
said plurality of column electrodes extending in a direc- 
tion orthtogoned to tiie paired row electrodes, the column 
electrodes defining unit tight emitting regions cmitered 
on Intersections formed every time the column elec- 
ts trodes cross with the paired row electrodes, and a die- 
lectric layer covering the paired row electrodes, wherein 
a pre-discharge pulse is applied between the paired row 
electrodes to perform a pre-discharge within a dis- 
charge gap which is a gap between row electrodes 
20 forming the paired row electrodes in each the unit light 
emitting region, unit light emitting regions which emit 
light are subsequently selected from the unit light emit- 
ting regions, and a sustaining discharge is subsequentiy 
created for sustaining the light emitted from the selected 
25 unit light emitting regions, and the row electrxles is 
shaped such that the pre-discharge is limited only in a 
region around the discharge gap. 

The present invention further provides a method for 
driving a plasma display apparatus to display an imag . 
30 wherein the plasma display apparatus comprises a plu- 
rality of paired row electrodes each extending in parallel 
with each other, a plurality of column electrodes facing 
to the paired row electrodes through a discharge ^ce. 
said plurality of column electrodes extending in a direc- 
ts tion orthogonal to the paired row electrodes, the column 
electrodes defining unit light emitting regions including 
intersections formed every time the column electrodes 
cross with the paired row electrodes, and a cfiefectric 
layer covering the paired row electrodes, the row elec- 
40 trade being formed to have a width of 300 jtm or more in 
the unit light emitting region. The method comprises the 
steps of: applying first predlscharge pulses to all of the 
paired row electrodes simultaneously to create predis- 
charges between the paired row electrodes, applying a 
45 scan pulse to the paired row electrodes and simultane- 
ously applying a pixel data pulse to the column elec- 
trode to write pixel data for selecting either one of light- 
en and light-off for a pixel, applying sustaining discharge 
pulses aitemately to the row electrodes of the paired 
so row electrodes to maintain a selected light-on or light-off 
state for the pixel, and applying an erasure pulse to the 
paired row electrodes to erase pixel data written therein, 
wherein the first pre-discharge pulse has a pulse wave- 
form whose leading edge rises gradually as compared 
55 with that of the sustaining discharge pulse, such that the 
pre-discharge is limited only in a region around a dis- 
charge gap provided by a gap between the paired row 
electrodes in the unit light emitting region. 

The present invention further provides method for 
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driving a piasma display apparatus to display an image, 
wherein the plasma display apparatus comprises a plu- 
rality of paired row electrodes each extending in parallel 
with each other, a plurality of column electrodes facing 
the paired row electrodes through a discharge space, 
said plurality of cdumn electrodes extending in a direc- 
tion orthogaial to the paired row electrodes, the column 
electrodes defining unit light emitting regions Indurfng 
intersections formed every time the colunm elertodes 
cross with the paired row electrodes, and a dielectric 
layer covering the paired row electrodes, the paired row 
electrodes having projecting portions opposite to each 
other through a discharge gap in each the unit light 
emitting region. The method comprises the steps of 
applying first fxe-discharge pulses to all of the paired 
row electrodes simultaneously to create a pre-dis- 
charge between the paired row electrodes, applying a 
scan pulse to the paired row electrodes and simultane- 
ously applying a pixel data pulse to the column elec- 
trode to write pixel data for selecting either one of light- 
on and light-off for a pixel, applying sustaining discharge 
pulses alternately to the row electrodes of the paired 
row electrodes to maintain a selected light-on or light-off 
state for the pixel, and apf^ying an erasure pulse to the 
paired row electrodes to erase pixel data written therein, 
wherein the first pre-discharge pulse has a pulse wave- 
form whose leading edge rises gradually as conned 
with that of the sustaining discharge pulse, such that the 
pre-discharge is limited only in a region around a dis- 
charge gap provided by a gap between the paired row 
electrodes in the unit light emitting region. 

According to the plasma display apparatus of the 
present invention, since the paired row electrodes each 
have a rather large width of 300 jim or more ar«j there- 
fore have a large electrode area, the intensity of light 
emitted by a sustaining discharge in each pixel ceil is 
increased to improve the contrast of images displayed 
on the plasma display apparatus. 

According to the (irfasma display apparatus of the 
present invention, since a pre-discharge prior to main- 
taining light emitted in each pixel cell is limited only to a 
region around a discharge gap between the paired row 
electrodes, the intensity of light emitted by a discharge 
not related to display an image is suppressed to 
improve the contrast of images displayed on the plasma 
display apparatus. 

According to the method for driving a plasma dis- 
play apparatus according to the invention, since the 
intensity of light emitted by a sustaining discharge in 
each pixel cell is increased, the contrast of images dis- 
play d on the plasma display apparatus is improved. In 
addition, since a discharge corresponding to a display is 
reliably created in each unit light emitting region, a pre- 
cise display is accomplished. 

According to the method for driving a plasma dis- 
play apparatus according to the invention, since a pre- 
discharg prior to maintaining light emitted in each pixel 
cell is limited only to a region around a discharge gap 
between the paired row electrodes, the intensity of light 



OTitted by a discharge not related to display an image is 
suppressed to improve the contrast of images displayed 
on the plasnta display apparatus. 

Described above, an AC plasma dsplay apparatus 

5 of the invention features electrodes having spedfc 
shapes and sizes. Accordingly, a discharge for the m- 
tializatron of a unit light emitting region is localized only 
in a region near a discharge gap between a pair of row 
electrodes in the unit light emitting region, thereby pro- 

10 viding improved contrast of an image displayed. 

In addition, in <^eration of the plasma display appa- 
ratus having the electrodes described above, the appfi- 
cation of a pre-discharge pulse, whose leading edge 
rises gradually, to the pair of row electrodes results in 

IS enfiandng the localization of the discharge for the ini- 
tialization, thereby providing more improved contrast of 
an image displayed. 
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BRIEF DESCRIPTION OF THg DRAWINGS 

The aforementioned aspects and other features of 
the invention are explained in the following description, 
taken in connection with the accompanying drawing fig- 
ures wherein: 

Rg. 1 is a perspective view illustrating the structure 
of a pixel cell in a plasma display apparatus accord- 
ing to the preserrt invention; 
Rg. 2 is a top plan view of paired row electrodes of 
a first embodiment according to the present invOT- 
tion; 

Rg. 3 is a block diagram illustrating a driving deme 
for driving the plasma display apparatus accortfing 
to the preserrt invention; 

Rg. 4 is a waveform diagram for explaining a first 
embodiment of operation waveforms applied to 
respective electrodes for driving a pixel cell; 
Rg. 5 is a waveform diagram for explaining the rela- 
tionship between a pulse applied to an electrode 
and the intensity of emitted light in an equilibrium 
state of a discharge; 

Rg. 6 is a diagram for explaining the distribution of 
wall charges near row electrodes in a pixel cell 
which changes by repetitive applications of a pulse; 
Rg. 7 is a wavefonn diagram for explaining a sec- 
ond embodiment of operation waveforms applied to 
respective electrodes when a pixel cell is driven; 
Rg. 8 is a top plan view of paired row electrodes of 
a second enrtoodiment according to the present 
invention; 

Rg, 9 is a top plan view of paired row electrodes of 
a third embodiment according to the present inven- 
tion; 

Rg. 1 0 is a top plan view of paired row electrodes off 
a fourth errtxxjiment according to the present 
invention; 

Rg. 11 isatopplan view of paired row electrodes of 
a fifth embodiment accordng to the present inven- 
tion; 
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Rg. 1 2 is a top plan view of paired row electrodes of 
a sixth embodiment according to the present inven- 
tion; 

Rg. 1 3 is a top plan view of paired row electrodes of 
a seventh embodiment according to the present 
invention; 

Rg. 14 is a top plan view of paired row electrodes of 
an eighth enrtxxllment according to the present 
invention; 

Rg. 15 is a top plan view of paired row electrodes of 
a ninth embodiment according to the present inven- 
tion; arxi 

Rg. 16 is a top plan view of paired row electrodes of 
a tenth enrtoodiment according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of a surface discharge AC 
plasma display apparatus and a method therefor 
according to the present invention will hereinafter be 
described with reference to the accompanying draw- 
ings. 

Rg. 1 illustrates a structure of a plasma display 
panel in a perspective view, wherein reference numeral 
120 generally designates a plurality of pixel cells consti- 
tuting a surface discharge AC plasma display panel 
which employs a three-electrode structure. The illus- 
trated plasma display panel has discharge spaces 
defined by a front substrate 122 and a back substrate 
124. txjth made of transparent glass, facing each other 
in parallel through a gap ranging, for example, from 100- 
200 Jim, and adjacent barrier riljs 126 disposed on the 
tjack surface 1 24 extending in parallel with each other in 
one direction. 

The front substrate 122 serves as a display plane, 

and a plurality of row electrodes Xi, Yi (i=1. 2 n) 

made by vapor depositing, for example, ITO, tin oxide 
(SnO). or the like in a thickness of several hundred 
nanometers (nm) are formed as sustain electrodes 
which extend in parallel with each other on the surface 
of the front substrate 1 22 opposite to the back siAistrate 
1 24. Each of the row electrodes Xi. Yi is provkjed with a 
bus electrode oi and pi. closely contacted thereon, hav- 
ing a narrower width relative to the width of the row elec- 
trodes Xi. Yi and made of a metal in order to function as 
an auxiliary electrode. Further, adjacent two row elec- 
trodes Xi, Yi are fomned into a row electrode pair (Xi. Yi). 
Next a dielectric layer 130 is formed in a film thickness 
ranging approximately from 20 furi to 30 ^m, covering 
the row electrodes Xi.lTi. and an MgO layer 132 made 
of magnesium oxide (MgO) is deposited on the dielec- 
tric layer 1 30 in a film thickness of approximately several 
hundred nm. 

On the other hand, the barrier ribs 126 formed on 
the back substrate 124 for supporting the gap with the 
front substrate 122 are formed in parallel with each 
other by, for example, thick film printing techniques. 



such that the longitudinal direction thereof extends per- 
pendicular to the direction in which the row electrodes 
Xi, Yi extend. Consequently, the barrier rtos 126 having 
a width of 50 ^m are aligned in parallel with a spacing of 

5 400 ^m intervening therebetween, by way of example. It 
will be understood that the spacing between adjacent 
barrier ribs 126 is not limited to 400 \xn\ but may be 
changed to any appropriate value dependng on the 
size and the number of pixels in a plasma display panel 
which serves as a display plane. 

Furthermore, column electrodes Dj Qal. 2 m) 

made of, for example, aluminum (Al) or alumiruim alloy 
are formed as address electrodes In a film thickness of 
approximately 100 nm between adjacent barrier ribs 

IS 126 in the direction perpendicular to the direction in 
which the row electrodes Xi. Yi extend. Since the col- 
umn electrodes Dj are made of a metal having a high 
reflectivity such as Al. Al alloy, or the like, they have a 
reflectivity equal to or higher than 80% in a wavelength 

20 band from 380 nm to 650 nm. It should be noted how- 
ever that the material for the column electrodes Dj is not 
limited to Al and Al alloy but may be made of any appro- 
priate metal or alloy thereof having a high reflectivity 
such as Cu, Au. or the like. 

25 A fluorescent material layer 136 is then formed, for 
example, in a thickness ranging from 10 jim to 30 fim as 
a tight emitting layer, covering the respective column 
electrodes Dj. 

The front substrate 122 formed with the electrodes 

30 Xi. Xi. and Dj. the dielectric layer 130. and the light emit- 
ting layer 136 as described above and the back sub- 
sb-ate 124 are air-tight bonded, the discharge spaces 
128 are evacuated, and moisture is removed from the 
surface of the MgO layer 132 by baking. Next, an inert 

35 gas mixture including, for example, 2-7% of Ne • Xe gas 
as rare gas is filled in the discharge spaces 128 at a 
pressure ranging from 400 ton to 600 torr and sealed 
therein. 

In this way, a unit light emitting region including an 
40 intersection of the pair of row electrodes Xi. Yi with a 
column electrode Dj crossing these row electrodes is 
defined as a pixel ceil Pi.) which emits light with the flu- 
orescent material excited by a discharge between the 
electrodes Xi, Yi. and Dj. Stated another way, in each 
45 pixel cell Pi.i, selection, sustaining, and erasure of a dis- 
charge for emitting light are carried out for a pixel ceil 
Pi.j by appropriately applying voltages to the electrodes 
Xi. Yi, and Dj, thus corttrolling the fight emitted there- 
from. 

50 Next, a shape artd size of the it3w electrodes Xi. Yi 
will be descn'bed hereinunder. 

Rg. 2 illustrates the structure of a pair of row elec- 
trodes Xi, Yi of a first embodiment according to the 
present invention. As described abov . the pair of row 

55 electrodes Xi, Yi are formed facing each other to exterrd 
in parallel with each other with a predetenmined dis- 
tance intervening therebetween. In this embodiment, 
each of the pair of row electrodes Xi. Yi has an appropri- 
ate thickness and a width w equal to or mor than 300 
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yart. The width w of the row electrodes Xi. Yi ray be of 
any value as long as it is 300 ^un or more. The length of 
the row electrodes in a unit light emitting region corre- 
sponds to the spacing between adjacent barrier rtos 
126. Further, in the foregoing structure, the gap G1 
between the pair of row electrodes Xi. Yi in a pixel cell 
sen/es as a display gap. 

Rg. 3 iliustrates the configuration of a driving unit 
for driving the foregoing plasma display panel 120. 

Referring to Rg. 3. a synchronization s^)arating 
circuit 201 extracts a horizontal and a vertical synchro- 
nization signal from an input video signal suRjIied 
thereto, and sillies the extracted synchronization sig- 
nals to a timing pulse generator 202. The timing pulse 
generator 202 generates an extracted synchronization 
signal timing pulse on the basis of the extracted hori- 
zontal and verticed synchronization signals and supplies 
the timing pulse to an analog-to-digital (A/D) converter 
203, a menrory control circuit 205. and a read timing 
signal generator 207. respectively The A/D converter 
203 converts the input video signal to digital pixel data 
corresponding to each pixel in synchronism with the 
extracted synchronization signal pulse, and supplies the 
digital pixel data to a frame memory 204. A memory 
control circuit 205 supplies the frame memory 204 with 
a write signal and a read signal, both synchronized with 
the extracted synchronization signal timing pulse. The 
frame memory 204 sequentially receives each pixel 
data supplied from the A/D converter 203 in response to 
the write signal. Also, the frame memory 204 sequen- 
tially reads pixel data stored therein in response to the 
read signal and supplies the read pixel data to an output 
processor 206 at the sut>sequent stage. A read timing 
signal generator 207 generates a various types of tim- 
ing signals for controlling discharge and light emission 
operations, and supplies the timing signals to an elec- 
trode driving pulse generator 201 and the output proc- 
essor 206. respectively. The output processor 206 
supplies a pixel data pulse generator 212 with pixel data 
supplied from the frame menrwry 204 in synchrmism 
with a timing signal from the read timing signal genera- 
tor 207, 

The pixel data pulse generator 212 generates a 
pixel data pulse DP corresponding to each pixel data 
supplied from the output processor 206. and applies the 
pixel data pulse DP to the column electrodes D1-0m of 
the plasma display panel 1 20. 

A row electrode driving pulse generator 210 gener- 
ates first arxJ second pre-discharge pulses for perform- 
ing a pre^ischarge between all pair of raw electrodes in 
the plasma dsplay panel 120. a prirra'ng pulse for 
arranging charged particles, a scan pulse for writing 
pixel data, a sustaining discharge puis for sustaining a 
discharge for emitting light in accordance with pxel 
data, and an ereisure pulse for stopping the discharge 
for light emission. The row electrode driving pulse gen- 
erator 210 applies the row electrodes XI -Xn and Y1-Yn 
of the plasma display panel 120 with these pulses at 
timing corresponding to a various types of timing signals 



suf^lied from the read timing signal generator 207. 

Next, a method of driving the plasma display appa- 
ratus including the pair of row electrodes Xi, Yi having 
the structure illustrated in Fig. 2 and the driving device 
5 illustrated in Rg. 3 will be described with refererwe to 
Rg. 4. 

Rg. 4 shows a first embodiment of a method 
according to the present invention, and specifically illus- 
trates the timing at which a various types of pulses are 

10 applied for driving the plasma display panel 120 in 
accordance with the method of the first OTbodimwit 

Considering a single pixel cell Pi.i, the pixel cefl Pi.j 
provides dyrwnic display by repeating a sub-field com- 
posed of a non-display period (A) including a pixel ini- 

15 tialization period (a) and a data writing period (b). and a 
displciy period (B) including a sustaining discharge 
period (c) and a data erasure period (d). 

In the period (a), wherein no pixel data is supplied 
to the pixel cell Pi.i. the row electrode driving pulse gen- 

20 erator 21 0 simuttaneousiy applies all row electrodes Xi. 
Yi. of all pairs of row electrodes with a reset pulse Pel 
as the first pre-discharge pulse at time t1 . in this case, 
in the pair of row electrodes XI. Yi. one electrode Xi in 
the pair is applied with a potential -Vr having a predeter- 

2S mined polarity, for example, a negative polarity in this 
embodiment as a first sub-pulse, while the other elec- 
trode Yi in the pair is applied with a potential +Vr having 
the polarity opposite to that of the first sub-pulse, for 
example, a positive polarity as a second sut>-pulse. 

30 When a potential difference 2Vr generated by the poten- 
tials -Vr and +Vr applied to the respective electrodes 
exceeds a discharge start voltage, the pixel cell starts a 
discharge. This reset discharge, i.e.. a pre-discharge. 
instantaneously terminates, and wall charges gener- 

35 ated by the reset discharge substantially uniformly 
rerain on the dielectric layer 130 in all the pixel cells. 

Next, in the period (b). the pixel data pulse gwera- 
tor 212 sequentially applies the column electrodes D1- 
Dm with pixel data pulses DPI -DPn having positive volt- 

40 ages corresponding to pixel data of respective rows. 
The row electrode driving pulse generator 210. in turn, 
applies the row electrodes YI -Yn with a scan pulse hav- 
ing a small pulse width, i.e.. a data selection pulse Pe in 
synchronism with each application timing of the pixel 

45 data pulses DPI -DPn. For example, at time t2, pixel 
data is supplied to a pixel cell Pi.j. and the data pulse 
having a voltage level corresponding to the pixel data 
and the scan pulse Pe are simultaneously applied to 
determine whether or not the pixel cell Pi.} OTits fight In 

so other words, a selective discharge caused by the appli- 
cation of the scan pulse to a pixel cell results In a 
change in the amount of wall charges in the associated 
pixel cell. 

For example, for a selective erasure, if the contents 
55 of pixel data show logical "0" indicating that an associ- 
ated pixel cell is prohibited from emitting light the pixel 
data pulse DP is simultaneously applied together with 
the scan pulse Pe to the pixel cell, so that wail charges 
formed inside the pixel cell is extinguished, thus deter- 
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mining that the pixel cell will not emit light in the period 
(c). On the other hand, if the contents of pixel data show 
logical T indicatirg that an associated pixel ceil is per- 
mitted to emit light, the scan pulse only is applied to the 
pixel cell so that no discharge is created, whereby wall 
charges formed inskJe the pixel ceil are maintained as 
they are, thus deto-mining that the pixel cell will emit 
light in the period (c). Stated another way, the scan 
pulse Pe serves as a trigger for selectively erasing the 
wall charges formed inside each pixel cell in accordance 
with associated pixel data 

On the other hand, for a selective write, the pixel 
data pulse at logical "1 ** and the scan pulse is simultane- 
ously applied to the pixel cell to increase wall charges, 
thus determining that the pixel ceil will emit light In the 
subsequent period (c). 

Next, in the period (c). the row electrode driving 
pulse generator 210 continuously applies a series of 
sustaining discharge pulses Psx having a positive volt- 
age to each of the row electrodes XI -Xn and also con- 
tinuously applies a sustaining discharge pulse Psy 
having a positive voltage to each of the row electrodes 
Y1-Yn at timing deviated from the timing at which each 
of the sustaining discharge pulses Psx is applied, to 
continue the discharge for emitting light for display cor- 
responding to pixel data written during the period (b). In 
this case, in a pixel ceil in which wall charges are left 
during the preceding period (b). the sustaining dis- 
charge pulse applied thereto causes a discharge 
through a discharge gap between the pair of row elec- 
trodes by charge energy possessed by the wail charges 
themselves and energy of the sustaining discharge 
pulse, thereby causing the pixel cell to emit tight On the 
other hand, in a pixel cell in which wall charges have 
been extinguished, since a potential difference Vs gen- 
erated in the F»xel cell by the sustaining discharge pulse 
applied thereto is lower than the discharge start voltage, 
no discharge occurs in this pixel cell which, therefore, 
do s not emit light. 

Next in the period (d), when the row electrode driv- 
ing pulse generator 210 applies an erasure pulse Pk to 
all of the row electrodes Y1 -Yn at time t3. the sustaining 
discharge is stopped in the pixel cells, whereby pixel 
data written Into the pixel cells in the period (b) are all 
erased. 

In the manner described above, each pixel cell 
urKjergoes the following driving processing: in the 
period (a), a reset pulse is applied to the pair of row 
electrodes Xi. Yi tor Initialization to cause a reset dis- 
charge centered at the discharge gap G1 as a pre-dis- 
charge; in the period (b). pixel data is written into the 
corresponding pixel cell. and a Telectibh is made as to 
which pixel cells are to emit light; in the period (c). in 
pixel cells which have been written with pixel data and 
have been selected to emit light, the sustaining dis- 
charge pulse is periodically applied to the pair of row 
electrodes to sustain the pixel cells to emit light for dis- 
play: arKi in the period (d). the erasure pulse is applied 
to one of the pair of row electrodes to erase the written 



data. 

In the driving processing, if a lower voltage or a 
shorter pulse width of the reset pulse results in an insuf- 
ficient reset discharge in the initialization taking place 

5 during the period (a), a smaller anrxnjnt of wall charges 
ordy is generated by such a reset discharge, wherein 
the wall charges mainly concentrate in the vfoinity of the 
discharge gap G1 shown in Rg. 2. 

In the subsequent period (b). when data indicative 

10 of a selective erasure is written, a selective dscharge 
takes place in accordance with the data to extinguish 
wall charges existing near the discharge gap C31 . In this 
case, since the wall charges only exist near the dis- 
charge gap G1 and the amount of charges is small, the 

IS wall charges in a selected pixel cell can be substantially 
completely extinguished even if the pulse having a lower 
voltage or a narrower pulse width is applied for the 
selective discharge. In other words, it is possible to sup- 
press the intensity of light emitted by a discharge which 

20 is not related to display. 

In the sutssequent period (c), even if the sustaining 
discharge pulse is applied, no discharge \s created in a 
pixel cell in which wall charges have been extinguished 
by the selective discharge, so that the pix^ cell does not 

25 emit light On the other hand, the application of the sus- 
taining discharge pulse creates a discharge in a pixel 
cell in which no selective discharge has occurred and 
therefore wall charges still remain, eating the pixel cell 
to start light emission. 

30 Generally, when the pulse is repetitively applied to 
continue the sustaining discharge as illustrated in Rg. 5. 
the discharge ends up in an equilibrium state, where 
generated wall charges reaches a con^nt amount, 
and the intensity of emitted light also becomes constant 

35 as illustrated in Rg. 5. Assume that the amount of wall 
charges in the equilibrium state is denoted as Q. If the 
amount Q of wall charges initially exists in a pixel cell, 
the discharges created by the respective pulses are in 
the equilibrium state from the beginning. However, 

40 when an initial amount of wall charges is less than X in 
a pixel cell which has just started emitting fight, periodi- 
cal applications of the sustaining discharge pulse to the 
paired row electrodes Xi. Yi allow the amount of wall 
charges remaining in the pixel cell to gradually increase 

45 toward Q. In this case, the intensity of light emitted by 
the respective sustaining discharge pulses also 
increases as a larger amount of wall charges is gener- 
ated. 

In addition, since the plasma display apparatus of 
50 the present invention is of a surface discharge type, it is 
also necessary to take into consideration the distribu- 
tion of wall charges near electrodes. In an equilibrium 
state of a sustaining discharge, an amount O* of wall 
charges extensively distributes over entire regions 
55 around the row electrodes Xi. Yi on the dielectric layer 
130. Thus, if the wall charges exist only near the dis- 
charge gap G1 and its amount is less than Q*, the distri- 
bution of the wail charges gradually extends in a 
direction away from the discharge gap G1 as the dis- 
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charge is repeated, as illustrated in Rg. 6. In this cas . 
the intensity of light OTitted from the pixel cell becomes 
gradually higher conforming to the arrraunt of generated 
charges, and eventually reaches a fixed level. 

Thus, since the pair of row electrodes Xi, Yi 
arranged on both sides of the discharge gap G1 through 
which the reset discharge, the selective cSscharge and 
the sustaining discharge occur, as illustrated in Rg. 2, 
have a rather targe width w, which is equal to or more 
than 300 jim. and an enlarged area, wall charges grad- 
ually spread in a direction away from the discharge gap 
G1 by repeated sustaining discharges, and eventually 
spread over the errtire row electrodes Xi. Yi to reach an 
equilibrium state. Since the sustaining discharge exten- 
sively occurs over the entire paired row electrodes Xi. Yi 
in the equilibrium state, and the pixel cell emits light 
which is ultraviolet rays emitted from a discharge region 
remaining in the equilibrium state, whereby the entire 
row electrodes Xi, Yi appear to emt light in the pixel cell 
Pi.j. when viewed from the display plane side. 

The number of pulses required to allow the wall 
charges to spread over the entire row electrodes, {.e.. to 
bring the wall charges in the equilibrium state, during 
the period (c) is approximately five or six. Since the sus- 
taining discharge pulse is applied approximately 50-500 
times in each sub-frame, the wall charges substantially 
instantaneously reach the equilibrium state as the 
period (c) of the sub-frame is entered, wherein the 
entire row electrodes in each pixel ceil appear to emit 
light when viewed from the display plane side. It will be 
appreciated from the foregoing that even an insufficient 
reset discharge will never affect the luminance of light 
emitted from pixel cells during display. 

As described above, since the structure of the pair 
of row electrode Xi, Yi illustrated in Rg. 2 increase the 
intensity of light emitted by the action of the sustaining 
discharge, it is possible to improve the contrast of 
in^ges displayed on the plasma display panel. 

Rg. 7 shows a second embodiment of the method 
according to the present invention, and specifically illus- 
trates the timing at which various types of pulses are 
applied for driving the plasma display panel 120 
employing the electrode structure illustrated in Rg. 2 in 
accordance with the method according to the second 
embodiment. 

In a manner similar to the method illustrated in Rg. 
4, a pixel cell PiJ provides dynamic display by reseating 
a sub-field composed of a non-display period (A) includ- 
ing a pixel initialization period (a) and a next data write 
period (b), and a display period (B) including a sustain- 
ing discharge period (c) and a data erasure period (d). 

In the period (a), wherein no pixel data is supplied 
to the pixel cell Pi.j, the row electrode driving pulse gen- 
erator 210 simultaneously applies all row electrodes Xi, 
Yi, of all row electrode pairs with a reset pulse Pc1 as 
the first pre-discharge pulse at time t1 . tn this case, in 
each of the pair of row electrodes Xi, Yi, one electrode 
Xi in the pair is applied, for exanrple, with a negative- 
polarity pulse having such a waveform that slowly goes 



down from the leading edge and reaches a potential -Vr 
at the trailing edg . as a first sub-pulse, while the other 
electrode Yi is applied, for example, with a positive- 
polarity pulse, opposite to the first sut>-pulse. having 

5 such a waveform that slowly goes up from the leading 
edge and reaches a potential 4*Vr at the trailing edge as 
a second sub-pulse. As can be se^. the first predis- 
charge pulse illustrated in Rg. 7 has a waveform which 
slowly rises, as compared with that of the first pre-dis- 

70 charge pulse and the sustaining d'sctiarge pulse illus- 
trated in Rg. 4. When a potential diffo'enca generated 
between the paired row electrodes by the first and sec- 
ond sub-pulses exceeds a discharge start voltage, the 
pixel cell starts a cfischarge. This reset discharge, i.e.. a 

75 pre^ischarge. instantaneously terminates such that 
wall charges generated by the reset discharge substan- 
tially uniformly remain on the dielectric layer 130 in all 
the pixel cells. 

Howevw-. since the pulse slowly rises at the leading 

20 edge, the magnitude of the pre-discharge created by 
the first pre-discharge pulse Pel is smaller than that of 
the pre-discharge created by the first pre-discharge 
pulse illustrated in Rg. 4. The pre-discharge with a 
smaller magnitude is more likely to cause a reduced 

25 amount of generated wall charges and a larger differ- 
ence in the amount of generated wall charges in respec- 
tive pxel cells over the entire panel. 

To solve this problem, i.e., to generate a uniform 
amount of wall charges in respective pixel cells over the 

30 entire f^asma display panel, the row electrode driving 
purse generator 210 applies one of the pair of row elec- 
trodes, for example, the row electrode Xi with a second 
pre-discharge pulse Pc2 having the polarity opposite to 
that of the first sub-pulse at time t2 immediately after the 

35 first pre-discharge pulse has been applied in the period 
(a), to cause another pre-discharge to correct non-uni- 
formity in the amount of wall charges generated in the 
respective pixel cells, thus enat^ing a uniform amount of 
wall charges to be generated in the respective pixel 

40 cells over the entire plasma display panel. 

Next, the pixel data pulse generator 212 sequen- 
tially applies the column electrodes Dl-Om with pixel 
data pulses OPI-OPn having positive voltages corre- 
sponding to pixel data of respective rows. The row elec- 

45 trode driving pulse generator 210. in turn, applies the 
row electrodes Yl-Yn with a scan pulse having a small 
pulse width. i.e.. a data selection pulse Pe in synchro- 
nism with each application timing of the pixel data 
pulses DPI-OPn. In this case, immediately before 

so applying the respective row electrodes Yi with the scan 
pulse Pe. the row electrode driving pulse generator 210 
applies the one row electrode Yi. paired with the other 
row electrode Xi, with a priming pulse PP having the 
polarity opposite to that of the first sut>-pulse Pel. for 

55 example, the positive polarity, as illustrated in Rg. 7. For 
example, a pixel cell P1 .j is applied with data pulse cor- 
respmding to associated pixel data at time t3 to deter- 
mine whether or not the pixel cell PI ,j emits light, in a 
manner similar to the driving method illustrated in Rg. 4. 
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As described above, the application of the priming 
pulse PP causes charged partides generated by the 
pre^discharges caused by the pulses Pel and Pc2 and 
reduced over time to be restored in the discharge space 
128. Thus, when a desired amount of charged particles 
exists on the dielectric layer 130 in the discharge space 
128, pixel data can be written by applying the scan 
pulse Pe. 

For example, for a selective erasure, if the contents 
of pixel data show logical "0** indicating that an associ- 
ated pixel cell is prohibited from emitting light, the pixel 
data pulse DP and the scan pulse Pe are simultane- 
ously applied to the pixel cell, so that wall charges 
formed inside the pixel celt is extinguished, thus deter- 
mining that the pixel cell will not emit light during the 
period (c). On the other hand, if the contents of pixel 
data show logical '*1'* indicating that an associated pixel 
cell is permitted to emit light the scan pulse only is 
applied to the pixel ceil so that a discharge is not cre- 
ated, whereby wall charges formed inskie the pixel cell 
are sustained as they are, thus deciding that the pixel 
cell will emit light in the period (c). 

On the other hand, for a selective write, a pixel data 
pulse at logical "1 " and a scan pulse are simultaneously 
applied to increase the wall charges, thus determining 
that the pixel cell will emit light In the next period (c). 

Next, in the period (c), the row electrode driving 
pulse generator 120 continuously applies the respective 
row electrodes XI -Xn with a series of si^ining dis- 
charge pulses Psx having a positive voltage and also 
continuously applies the respective row electrodes Y1 - 
Yn with a series of sustaining discharge pulses Psy hav- 
ing a positive polarity at timing deviated fron the timing 
at which the sustaining discharge pulse Psx is applied, 
to sustain a light emitting state for display cc^esponding 
to pixel data which have been written during the period 
(b), in a manner similar to the driving method illustrated 
in Rg. 4. Over a period in which the si^taining dis- 
charge pulses are alternately applied to the pair of row 
electrodes Xi, Yi in a corrtinuous manner, only those 
pixel cells having wall charges remaining therein sustain 
the discharge light emitting state for display. 

It should be noted that in the sustaining discharge 
process, the sustaining discharge pulse Psxl first 
applied to the row electrode has a pulse width larger 

than the sustaining discharge pulses Psyl. Psx2 

applied second and subsequent times. 

The reason for the different pulse widths will be next 
explained. Since the data write into pixel cells using 
pixel data and scan pulses is performed sequerrtially 
from the first to the n-th rows, a time taken to enter the 
sustaining discharge process after pixel data is written 
into pixel cells is different from one row to another. Spe- 
cifically, over the entire panel, even in a situation, for 
example, in which the pixel data has determined that 
wall charges are maintained in pixel cells, the amounts 
of wall charges and space charges inside pixel cells 
immediately before the sustaining discharge period (c) 
may be different from one row to another. It is therefore 



possible that the sustaining discharge is not created in a 
pixel ceil in which the amcnint of wall charges has been 
reduced as the time has passed from the writing of pixel 
data to the sustaining discharge. To avoid such a situa- 

5 tion, the first sustaining dtecharge pulse having a larger 
pulse width is employed such that a potential difference 
generated by the application of the first sustaining dis- 
charge pulse can remain active between the paired row 
electrodes for a period longer than usual so as to 

10 ensure that the first sustasning discharge is created in 
either of pixel cells which have been selected to emit 
ligfit for display and to provide a uniform amount of 
charges in the pixel cells selected to emit light over the 
entire panel. The first sustaining discharge thus created 

IS by the sustaining discharge pulse having a larger pulse 
width enables a uniform image to be displayed over the 
entire panel. 

Next, the row electrode driving pulse generator 210 
simultaneously applies an erasure pulse Pk to the row 

20 electrodes Y1-Yn to erase all pixel data which have 
been written into pixel cells during the period (b). 

As described above, in the method of driving the 
plasma display panel illustrated in Rg. 7. all row elec- 
trodes are simultaneously applied with the first pre-dis- 

25 charge pulse having a waveform which slowly rises for 
initialization, and the first sustaining discharge pulse 
applied to the row electrodes is provided with a wider 
pulse width in the sustaining display process, thereby 
driving the panel to emit light for display. 

30 By thus providing the first pre-discharge pulse hav- 
ing a slowly rising waveform, it is possible to limit the 
luminance of light emitted from pixel ceils due to the 
pre-discharge to a lower le/el. In addition, since the first 
sustaining discharge pulse has a pulse width wider than 

35 that of the second and subsequent sustaining discharge 
pulses to ensure that the sustaining discharge occurs in 
pixel cells, the amounts of charges existing in respective 
pixel cells are substantiaOy uniform for the same pixel 
data over the entire pan^, thus making it possible to 

40 precisely emit light for dis(^. 

ft should be noted that the first pre-discharge 
pulses Pel applied to the row electrode pair Xi. Yi has a 
waveform which slowly goes up or down from the lead- 
ing edge as can be seen in Rg. 7. the first pre^ischarge 

45 pulse applied to either of the paired row electrodes Xi. 
Yi may have a waveform which abruptly goes up or 
down at the leading edge, similarly to the waveform of 
the first pre-discharge pulse illustrated in Rg. 4, white 
the first pre-discheu-ge fHiises applied to the other row 

50 electrode may have a waveform which slowly goes 
down xy-up. Alsa in the latter case, similar effects can 
be produced. 

Rg. 8 illustrates the structure of the pairs of row 
electrodes Xi, Yi of a second embodiment Refening to 

55 Rg. 8. each of the row electrodes Xi. Yi in each pixel cell 
Pt.j comprises a main tsody 30 extending in the longitu- 
dinal direction of the row electrode arKi a projecting por- 
tion 32 projecting from the main body 30 in a direction 
intersecting with the extending direction of the main 
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body 30 toward the other row electrode which forms pair 
therewith. The projecting portions 32 of both the row 
electrodes Xi. Yi have ends opposite to each other 
through a gap 'ge'. Preferably, the projecting portion 32 
projects in the direction perpendicular to the direction in 
which the main body 30 extends. In this embodiment 
the gap 'ge' serves as a cfischarge gap. 

Next, the dimensions of respective parts are shown 
for the row electrodes Xi, Yi. Since the length of the 
main body 30 in a {i^xei cell in the extending direction 
(corresponding to the length of a line segment A-A or B- 
B in Rg. 8) corresporKis to the spacing between adja- 
cent ban-ier ribs 126, it is 400 ^m. As illustrated in Rg. 
3, assuming that a total length of the width of the main 
body 30 and the length of the projecting portion 32 in 
the longitudinal direction is 1e\ and the width of the end 
of the projecting portion 32 is 'wV. 'le' ranges from 300 
jtm to 500 fim. and w1 is slightly shorter than the width 
of a pixel celL i.e.* 400 ^m. In the structure illustrated in 
Rg. 8. as an exemplary dimension for ie, le is assumed 
to be 300 (im. For the dimensions of other parts, 
assume that the length V in a direction across the row 
electrode in a light emitting pixel region is 670 ^un. the 
gap 'ge' between the row electrodes Xi, Yi forming a pair 
is 70 |im, and the width 'lb* of the main body 30 of the 
row electrode Xi, Yi is 100 ^m. 

A plasma display apparatus ennploying the pairs of 
row electrodes Xi. Yi illustrated In Rg, 8 is driven by any 
of the two driving methods Illustrated in Rgs. 4 and 7 to 
provide a display thereon, similarly to a plasma display 
apparatus employing the pairs of row electrodes of the 
first embodiment illustrated in Rg. 2. It is therefore 
appreciated that the plasma display apparatus enploy- 
ing the row electrode pairs illustrated in Rg. 3 also linrtits 
the luminance of light emitted by a pre-discharge, and 
increases the intensity of light emitted by a sustaining 
discharge to improve the contrast of images displayed 
on the plasma display apparatus, as is the case of the 
plasma display apparatus employing the pairs of row 
electrodes of the first embodiment 

It should be noted that while the totaJ Iwigth 1e' of 
the width of the main body 30 and the length of the pro- 
jecting portion 32 in the longitudinal direction of the row 
electrode X! or Yi is assumed to be 300 fim in the fore- 
going entoiiment. the present invention is not limited 
to this specific value, and sinmlar effects to those of the 
foregoing emk^xliment can be produced as long as the 
row electrode is formed such that the length 1e' is 300 
pun or more. 

Rg. 9 illustrates the structure of the pair of row elec- 
trodes Xi. Yi of a third enrixxjiment according to the 
invention. Referring to Rg. 9. each of the pair of row 
electrodes Xi. Yi in a pixel ceil Pi j comprises a main 
body 30' extending in the longitudinal direction of the 
row electrode and a projecting portion 32* projecting 
from the main body 30' in a direction intersecting with 
the extending direction of the main body 30' toward the 
other row electrode which forms a pair therewith. The 
prqecting portions 32* of both the row electrodes XI. Yi 



have ends 34' opposite to each ottter through a gap ge'. 
Preferably, the projecting portion 32* projects in the 
direction perpendicular to the direction in which the 
main txxty 30 extends. Compared with the structure of 

5 the pair of row electrodes illustrated in Rg. 8. the lerrgth 
of the projecting portion 32* in the extending direction is 
short relative to the width of the main body 30*. and the 
end 34* of the projecting portion 32* has a narrow width 
w2, so that a portion of the row electrode near the dis- 

70 charge gap ge* is reduced in area. 

A plasma display apparatus employing the pair of 
rcw electrodes Xi. Yi having the structure illustrated In 
Rg. 9 is also driven by either of the two driving mettiods 
illustrated in Rgs. 4 and 7 for providing display, in a 

75 manner similar to the plasma display apparatus employ- 
ing the pair of row electrodes of the f irst emtxxlimenl In 
the plasma display apparatus errploying the pair of row 
electrodes Xi. Yi of Rg. 9. if an applied reset pulse is 
reduced in voltage, pulse width, or the like during the ini- 

20 tialization. a reset discharge occurs only in a limited 
region near the discharge gap ge'. The Intensity of light 
emitted by this reset discharge is low since the width w2 
of the end 34' of the projecting portion 32* is approxi- 
nnately one third of the width of the pixel cell. In addition, 

25 since a selective discharge concentrates in a region 
near the discharge gap ge*. the Intensity of light emitted 
by the selective discharge is also low. When the process 
proceeds to a sustaining discharge, the sustaining dis- 
charge created by the first sustaining discharge pulse 

30 occurs only In a limited region near the discharge gap 
ge', so that the intensity of light emitted thereby is low. 
However, since the emitted light spreads over the entire 
electrodes with the application of several pulses as illus- 
trated in Rg. 6. the intensity of the emitted light is 

35 increased. Since the reset cfischarge occurs only in a 
limited discharge region near the discharge gap ge' to 
restrict the intensity of light emitted thereby as 
described above, the corrtrast provided by the emitted 
light Is Improved In tiie plasma display apparatus 

40 employing the paired row electrodes XI. Yi of Rg. 9. 

Rg. 10 Illustrates a pair of row electrodes of a fourth 
embodiment according to the present Invention. In 
which the configuration of the row electrodes is similar 
to that of Rg. 9. However, each of the row electrodes of 

45 Rg. 10 have a transparent electrode portion which 
faces the a barrier rib 126 through the shortest distance 
and has the same width as ttrat of a bus electroda A 
plasma cfisplay apparatus employing the paired row 
electrodes illustrated in Rg. 10, th^efore, produces the 

so same effects as the plasma display apparatus employ- 
ing the paired row electrodes illustrated in Rg. 9. 

Rg. 1 1 illustrates the paired row electi-odes Xi, Yi of 
a fourth embodiment according to the invention. Each 
row electrode Xi in the paired row electrodes Xi, Yi com- 

55 prises a main body 30a extending in the longitudinal 
direction of the row electrode, aixi a projecting portion 
32a projecting from the main txxJy 30 in a direction 
intersecting with the extencfing direction of the main 
body 30a toward tiie other row electi-ode Yi which forms 
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a pair therewith. Thus, the projecting portions 32a of 
bolh the row electrodes Xi. Yi project such that their 
ends 34a face each other through a predetermined gap 
*ge2'. The predetermined gap 'gea* serves as a dis- 
charge gap. Preferably, the projecting portion 32a 
profects in the direction perpendicular to the direction in 
which the main body 30a extends. 

The projecting portion 32a of the row electrode Xi 
or Yi ts formed with a wider portion 36 including the erKi 
34a and a narrower portion 38 which joins the wider 
portion 36 with the main body 30a and has a width 
smaller than the width w3 of the end 34, In this embodi- 
ment, the wider portion 36 is formed such that the end 
34a has the length w3 in a range of 200 250 ^m. and the 
length d1 from the end 34a to the narrower portion 38 is 
in a range of 30 120 jim. 

A plasma display apparatus employing the paired 
row electrodes having the structure Illustrated in Rg. 1 1 
is driven to emit light in a manner similar to the plasma 
display apparatus employing the paired row electrodes 
of the first embodiment. In driving the plasma display 
apparatus, when the reset pulse is reduced In voltage, 
pulse width, or the like to decrease tiie magnitude of a 
reset discharge during the initialization, a reset dis- 
charge region A is limited only within an area sur- 
rourKfed by a broken line in Rg. 11. i.e.. near tiie 
discharge gap ge2 and the wider portions 36 even if the 
reset pulse fluctuates more or less in voltage or pulse 
width, so tiiat a stable reset discharge can be realized 
substantially without any fluctuations in luminance of 
light emitted thereby. In addition, the reset discharge 
region A limited only near the discharge gap ge2 results 
in a reduced intensity of light emitted by the reset dis- 
charge, as compared with paired row electrodes without 
the narrower portions 38. In a sustaining discharge 
period, on the other hand, a discharge maintained 
region spreads over the entire electrodes to enable light 
to be emitted not only from the wider portions 36 but 
also from the entire row electrodes Xi. Yi. so that the 
plasma display apparatus employing the paired row 
electrodes of Rg. 1 1 improves the contrast of inrtages 
displayed thereon. 

It should be noted that the length d1 from the end 
34a to the narrower portion 38 in the wider portion 36 
being less than 30 \un is not appropriate because an 
extremely high accuracy is required for manufacturing 
such row electrodes, and disconnection is more likely to 
occur in such a narrow portion. In addition, the length d1 
from the end 34a to the narrower portion 38 being more 
than 120 ^m is not either appropriate for the dimension 
of the wider portion 36 because the wider portion 36 
woukl have an excessively large area so that the reset 
discharge region wouki be extended to Increase the 
intensity of light emitted by the reset discharge. 

Further, sine th reset discharge is limited only in 
the region A In the structure of the paired row electrodes 
Xi. YI illustrated In Rg. 11, few wall charges will exist in 
row electrode portions nearer to bus electrodes oi. pi 
than the narrower portion 38 after the reset discharge. 



with the result that a higher wall charge density is pro- 
vided in the wtier portions 36 of the row electrodes after 
the reset discharge. It is therefore pc^ible to ensure a 
larger potemial difference between address electrodes, 

5 i.e., between a column electrode and a row electrode In 
a selective discharge for writing data into pixel cells. In 
addition, a stable selective discharge can be accom- 
plished even if an api^ied data scan pulse has a lower 
voltage. Consequentiy, the >^tage level of the data scan 

70 pulse can be reduced. 

As alternative structures for the paired row elec- 
trodes producing the same effects as the paired row 
electrodes of Rg. 1 1 . structures Illustrated in Rgs. 12 to 
16 may be considered. 

IS Rg. 12 illustrates a modification of the paired row 
electrodes Xi. Yi illustrated in Rg. 1 1 . wherein each of 
the electrodes Xi. Yt has a transparent electrode portion 
formed wrtii tine same width as that of a bus electrode in 
a portion which faces a barrier vb 126 through an 

20 extremely short distance. The remaining structure in 
Rg. 12 is identical to Rg. 1 1. In the structure illustrated 
in Rg. 12. a reset discharge occurs only in a region 
including a discharge gap ge2 and wkJer portions 36. 
I.e.. a limited region A surrounded t^y a broken like In 

25 Rg. 12. 

Rg. 13 Illustrates a structure in which a main body 
30a is formed in substantially the same width as and in 
an overiapping relationship with a txis electrode oci or pi. 
arxj a narrower portion 38 of a projecting portion 32a Is 

30 formed to extend much In the longitudinal direction, as 
compared with the structure of Rg. 12. tn the structure 
of Rg. 13. a reset discharge occurs only in a region 
including a discharge gap ge2 and wider portions 36. 
i.e.. a limited region A surrounded by a brokai line in 

35 Rg. 13. 

Rg. 14 illustrates a structure in which a projecting 
portion 32a has a narrower portion 38 divided Into two in 
the longitudinal direction of the projecting portion 32a 
and joined to the upper and lower ends of a wider por- 
40 tion 36. 

In peured row electrodes Xi. Yi illustrated in Rg. 15. 
each row electrode comprises a main body 30a' extend- 
ing in a direction intersecting with a barrier rib 126 and 
having a wklth becoming smaller 9/ery time the main 

45 body 30a intersects with the barrier rib 1 26. a narrower 
portion 40 projecting from the main body 30a' toward 
the other row elecb'ode in a direction substantially per- 
pendicular to the longitudinal direction of the main body 
30a\ and an opposing end 42 joined to the narrower 

so portion 40 at the end thereof and extending in a direc- 
tion parallel to the main body 30a'. The opposing end 42 
is continuous with an opposing end of an adjacent light 
emitting pixel region in ttie direction in which ttie paired 
row electrodes extervi. A gap ge3 through which the 

55 opposing ends 42 of the paired row electrodes face 
each other serves as a discharge gap. The wklth wO of 
the opposing end 42 ranges from 30 ^m to 120 jim. A 
reset discharg occurs only In a limited region Including 
a discharge gap ge3 and the opposing ends 42 in each 
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pixel ceil. i.e.. a region A surrounded by a broken fine in 
Fig, 15. 

In paired row electrodes forming part of a single 
pixel cell illustrated in Rg. 16. a row electrode com- 
prises a main body 30a' extending in the longitudinal s 
direction of the row electrode, a connection 50 project- 
ing from the main body 30a* and having a width gradu- 
ally narrower as it prqects farther away from the main 
IxxJy 30a', arid a wider portion 52 joined to an end of the 
connection 50. The wider portion 50 has a width d2 io 
ranging from 30 jim to 120 jun. In the structure illus- 
trated in Rg. 16. a reset discharge occurs only in a lim- 
ited region including a gap ge4 between the opposing 
wider portions 52 and the wider portions 52, La., a 
region A sun-ounded by a broken line in Rg. 16. 

As described above in connection with the respec- 
tive structures of the paired row electrodes illustrated in 
Rgs. 11-16. since a region associated with the reset 
discharge and the selective discharge, which are not 
related directly to display, is related to the sum of the 
area of the gap between the opposing wider portions 
and the area of the wider pcMiions, the intensity of light 
emitted by the reset discharge and the selective dis- 
charge can be suppressed by reducing the sum of the 
areas and by providing the narrower portion 38 to pre- 2S 
vent the discharge region from spreading. 

In addition, the dielectric layer 130 is formed in a 
larger thickness near the discharge gap between the 
row electrodes Xi. Yi. while the dielectric layer 130 is 
form d in a smaller thickness adjacent to the bus elec- 30 
trodes oi, pi, irrespective of any structure of the paired 
row electrodes selected from those illustrated in Rgs. 2, 
and 8-16. In this case, if the reset discharge and the 
selective discharge are permitted to occur only near the 
discharge gap between the row electrodes during initial- 
ization and data write, the intensity of light emitted by 
the reset disdwge and the selective discharge can be 
limited to a low level because of a low capacitance of 
the dielectric layer near the discharge gap. 

Further, the dielectric coefficient of the dielectric 40 
layer 130 is made smaller near the discharge gap 
between the row electrodes, while the dielectric coeffi- 
cient of the dielectric layer 130 is made larger ^jacent 
to the bus electrodes di, pi. irrespective of any structure 
of the paired row electrodes selected from those illus- 4S 
trated in Rgs. 2. and 8-16. Also in this case, if the reset 
discharge arKi the selective discharge are permitted to 
occur only near the discharge gap between the row 
electrodes during initialization and data write, the inten- 
sity of light emitted by the reset discharge and the selec- 
tive discharge can be limited to a low level because of a 
low capacitance of the dielectric layer near the dis- 
charge gap. 

It is urxjerstood that the foregoing description and 
accompanying drawings set forth the preferred embodi- ss 
ments of the invention at the present tima Various mod- 
ifications, additions and alternative designs will, of 
course, become apparent to those skilled in the art in 
light of the foregoing teachings without departing from 
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the spirit and scope of the disclosed invention. Thus, it 
should tie appreciated that the invention is not limited to 
the disclosed embodiments but may be practiced within 
the full scope of the appended claims. 

Claims 

1. A surface discharge AC plasma (Ssplay apparatus 
comprising: 

a plurality of pairs of row electrodes each 
extending in parallel with each other; 
a plurality of column electrodes facing to said 
plurality of pairs of row electrodes through a 
discharge space, said plurality of column elec- 
trodes extending in a dffection orthogonal to 
said plurality of pairs of row electrodes, each of 
said plurality of column electrodes defining a 
unit light emitting region including an intersec- 
tion formed every time the column electrode 
crosses a pair of row electrodes: and 
a dielectric layer covering the plurality of pairs 
of row electrodes, wh«^ein a gas mixture 
including Neon (Ne) gas and Xenon (Xe) gas is 
hermetically sealed in said discharge space at 
a pressure ranging from 400 torr to 600 torr. 
amd a width of the row electrode in each of the 
unit light emitting region equals to or is more 
than 300 ^m. 

2, A surface discharge AC plasma display apparatus 
corrprising: 

a plurality of pairs of row electrodes extending 
in parallel with each other 
a plurality of column electrodes facing to the 
plurality of pairs of raw electrodes through a 
spacing therebetween, said plurality of column 
electrodes extending in a direction orttiogonal 
to the pairs of row electrodes, each of said plu- 
rality of column electrodes defining a unit tight 
emitting region indudmg an intersection 
formed every time ttie column electrode 
crosses a pair of row ele^rodes: and 
a dielectric layer covering the plurality of pairs 
of row electrodes, wherein in a unit light emit- 
ting region, a pre-discharge pulse for initializa- 
tion is applied between the pair of row 
electrodes to disdiarge within a discharge gap 
between the pair of row electrodes, whether 
light emission for the unit light emitting region 
turns on is sijasequently determined in accord- 
ance with applied data, if so. a series of si«- 
taining discharges is subsequerttly caused for 
sustaining the light emission, and wherein the 
row electrode has a shape in the manner that 
the discharge for the initialization is linrnted only 
in a region around the dfecharge gap. 
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3- A surface discharge AC plasma display apparatus 
according to dciim 2. wherein a row electrode in the 
pair of row electrodes has a projecting fwrtion for a 
unit light emitting region, said projecting portion 
projecting in the unit light emitting region in the 5 
manner that a front end thereof faces to a front end 
of a projecting portion of the other row electrode in 
the pair through the discharge gap. and the region 
around the discharge gap ir^udes the front ends of 
both of the projecting portions of the pair. 10 

4. A surface discharge AC plasna display apparatus 
according to claim 2, wheran each of the row elec- 
trode in the pair has a projecting portion for the unit 
light emitting region, said prqecting portion project- is 
ing in the manner that a front end thereof faces a 
front erxj of a projecting portion of the other of row 
electrode in the pair through the discharge gap. and 
wherein the projecting portion includes a wider por- 
tion having the front end. and a narrower portion 20 
formed continuously to said wider portion, said nar- 
rower portion having a smaller width than that of 
said wider portion, and the region around the dis- 
charge gap includes only the wider portion. 

25 

5. A surface discharge AC plasma display apparatus 
according to claim 4, wherein said wider portion 
has a length from the front end to the naaower por- 
tion within a range from 30 jun to 120 M-m. 

30 

6. A surface discharge AC plasma display apparatus 
according to daim 2. wherdn said dielectric layer 
has the largest thickness near the discharge gap in 
the unit light emitting region. 

35 

7. A surface discharge AC plasma display apparatus 
according to daim 2, wheretn said dielectric layer 
has the lowest dielectric coeffident near the dis- 
charge gap in the unit light emitting region. 

40 

8. A method for indicating an image on a plasma dis- 
play apparatus, said plasma display apparatus 
comprising a plurality of pairs of row electrodes 
each extending in parallel wrth each other, a plural- 
ity of column electrodes fadng to the plurality of 4S 
pairs of row electrodes through a discharge space, 
said plurality of column electrodes extending in a 
direction orthogonal to the plurality of pairs of row 
electrodes, each of said column electrodes defining 

a unit light emitting region induding an intersection so 
formed every time the column electrode CTosses 
the pair of row electrodes, and a dielectric layer 
covering said plurality of pairs of row electrodes, the 
row electrode having a width of 300 fim or more in 
the unit light emitting region, said method conrpris- ss 
ing the steps of: 

applying a first pre-discharge pulse to all of 
said plurality of pairs of row electrodes simulta- 



neously to cause a pre-discharge between the 
pair of row electrodes; 

applying a scan pulse to the pair of row elec- 
trodes and simultaneously applying a pixel 
data pulse to the column electrode to write 
pixel data in the corresponding unit light emit- 
ting region for dedding whether the unit light 
emitting region is going to enr^t light 
applying a series of sustaining discharge 
pulses alternately to the pair of row electrodes 
to sustain the dedded state for the pixel: and 
applying an erasure pulse to the pairs of row 
electrodes to erase pixel data written therein, 
wherein said first pre-discharge pulse has a 
pulse waveform whose leading edge rises 
gradually as compared with that of the sustain- 
ing discharge pulses, such that the pre-dis- 
charge is limited only in a region around a 
discharge gap provided by a gap between the 
pair of row electrodes in the unit light emitting 
region. 

9. A method according to claim 8. wherein the step of 
applying a first pre^ischarge pulse to all of the plu- 
rality of pairs of row electrodes further includes the 
step of applying a second pre-discharge pulse to 
one of row electrode in the pair Immediately after 
the application of the first pre-discharge pulse. 

10. A method according to claim 9, wherein said first 
pr&<jischarge pulse comprises a first sub-pulse 
having a predetermined polarity which is applied to 
one of the row electrodes in the pair and a second 
sub-pulse having the polarity opposite to that of the 
first sub-pulse, said second sub-pulse is simultane- 
ously applied to the other of row electrodes in the 
pair, and wherein the second pre-discharge pulse 
consists of a pulse having the polarity opposite to 
that of the first sub-pulse. 

1 1 . A method according to daim 8. wherein said step of 
applying a scan pulse to the pair of row electrodes 
includes the step of applying a scan pulse to the 
other row electrode in the pair and sinrultaneously 
applying a pixel data pulse to the colunrm electrode 
immediately after a priming pulse is applied to the 
other row electrode in the pair to cause a discharge 
between the pair of row electrodes. 

12. A method according to claim 8, wherein in the step 
of applying a series of sustaining discharge pulses, 
a pulse width of the first applied sustaining dis- 
charge puis is made longer than a puis width of 
the next applied sustaining discharge pulse. 

13. A method of driving a plasma dsplay apparatus to 
display an image, said plasma display apparatus 
connprising a plurality of paired row electrodes each 
extending in parallel with each other, a plurality of 
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column electrodes facing said plurality of pairs of 
row electrodes through a discharge space, said col- 
umn electrodes extending in a direction orthogonal 
to said plurality of pairs of row electrodes, said col- 
umn electrode d^ining a unit light emitting region 5 
including an intersection formed every time the col- 
umn electrode crosses the pair of row electrodes, 
and a dielectric layer covering the pairs of row elec- 
trodes, each of the pair of row electrodes having 
projecting portions facing each other through a dis- w 
charge gap per unit light emitting region, said 
method comprising the steps of: 



ousiy applying a pix^ data pulse to the column 
electrode inrvnediately after a priming pulse is 
applied to th oth^ column electrode to cause a 
discharge betwieen the pair of row electrodes. 

1 7. A method according to daim 1 3, wherein in the step 
d applying a series of sustaining discharge pulses, 
a pulse width of the first applied sustaining d^sr 
charge putse is made longer than a fXilse width of 
the next af^ied sustaining dtsctwge pulsa 



applying a first pre-discharge pulse to all of 
said plurality of pairs of row electrodes simulta- is 
neously to cause a pre-discharge tsetween the 
pair of row electrodes; 

applying a scan pulse to the pair of row elec- 
trodes and simultaneously applying a pixel 
data pulse to the column electrode to write 20 
pixel data in the conrespording unit light emit- 
ting region for deciding whether the unit light 
enntting region is going to emit light; 
applying a series of sustaining discharge 
pulses alternately to the pair of row electrodes 25 
to sustain the decided state for the pixel; and 
applying an erasure pulse to the pairs of row 
electrodes to erase pixel data written therein, 
wherein the first pre-discharge putee has a 
pulse waveform whose leading edge rises 30 
gradually as compared with that of the sustain- 
ing discharge pulse, such that the pre-dis- 
charge is limited only in a region around a 
disdwge gap provided by a gap l>etween the 
pair of row electrodes in the urnt light emitting 35 
region. 

14. A method according to claim 13. wherein said step 
of applying a first pre-discharge pulse to all of the 
paired row electrodes further includes the step of 40 
applying a second pre<iischarge pulse to one row 
electrode in the pair immediately after the applica- 
tion of the first pre-discharge pulse. 

15- A method according to claim 14. wherein said first 4S 
pre-discharge pulse comprises a first sut>-pulse 
having a predetermined polarity which is applied to 
one of row electrodes in the pair and a second sub- 
pulse having the polarity opposite to that of the first 
sub-pulse, said second sub-pulse is simultaneously so 
applied to the other of row electrodes in the pair, 
and said second pre-discharge pulse consists of a 
pulse having the polarity opposite to that of the first 
sut>-pulse. 

ss 

16. A method according to claim 13. wherein said step 
of applying a series of scan pulses to the pair of row 
electrodes includes the step of applying a scan 
pulse to the other column electrode and simuttane- 



EP 0 782 167 A2 




EP 0 782 167 A2 



FIG . 2 




EP 0 782 167 A2 



CO 

• 





EP 0 782 167 A2 



o. 

O 



O 

B 

a 
I 



cn 

M 
Q 
O 

2 PS 
S H 

3 a 
pa 

O vJ 

u pa 



t T 

I 

I 

d 



t 

i 

i 



a. 



.CL 



> 



Q. 



2 

O 
OS 



O I 



P4 

a 

u 



- Q 
O 
OS 

_ a 

o >A 



EP 0 782 167 A2 



FIG . 5 



APPLIED PULSE 0 — 



LIGHT-EMITTING 
INTENSITY 




21 



EP0 782 167 /t2 





22 



EP0782167A2 



X CM >H 





24 



EP 0782 167 A2 




25 



EP0782167A2 




26 



